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@ Through-ticketing in a passenger transport systenru 

@ A passenger-carrying vehicle (for example a bus) in a 
passenger transport system is equipped with a ticket reader 
(18) capable of optically reading information printed on a 
ticket (10) in bar-code and determining whether or not the 
ticket is valid. A ticket-printer (161- is provided for issuing 
bar-coded tickets, and both the reader (IB) and the printer 
(16) are microprocessor-based and associated with a mem- 
ory (14). Fare-table data is stored in the memory (14a), for 
reference by the ticket-issuing means, data is stored in the 
memory (146) for reference by the ticket-checking means, 
and both the issuing means and the checking means can 
communicate information to the memory (14c) and to 
enable data concerning tickets handled to be stored for 
subsequent retrieval for management purposes. 
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THROOGH-TXCKETING IN A PASSENGER TRANSPORT SYSTEM 

It can be of substantial advantage , both to the 
transport operators and to the travelling public, to 
provide efficient through-ticlceting facilities in a 
passenger transport system. (By "through-ticketing 
facilities" are meant, "where the term is used herein, 
provisions which enable passengers to travel with a 
single ticket on more than one vehicle of the transport 
system,) The necessity for a separate ticket to be 
issued to a passenger for each vehicle travelled on , 
where through- ticketing facilities are not available, is 
clearly inefficient and disadvantageous in many res- 
pects. 

Through-ticketing has been used for a long time on 
railway systems, but unautoraated. Some automation has 
been introduced into underground railway networks, but 
this has largely been limited to the initial issuing of 
the ticket and the final validity check (and collection) 
on the station at journey's end; for -example, it is 
known for magnetically-encoded tickets to be used for 
automatic fare collection. 

Certain very limited through- ticketing facilities 
have been introduced on buses. For example, on many 
public transport systems it is possible to travel to an 
unlimited extent, but for a limited period, using a 
. season ticket. However, for those who are not season 
ticket holders, each journey, or each portion of a 
through journey involving a different bus, must usually 
be paid for separately and a separate ticket obtained on 
the bus. 

It is believed that the introduction of more 
general through-ticketing facilities could lead to much 
greater efficiency of operation and encourage people to 
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travel more frequently and over greater distances on a 
transport system. In the absence of any suitably auto- 
mated system, a major problem with through-ticketing , 
particularly with regard to buses, has so far appeared 
to be that of checking the tickets already held by 
boarding passengers, to prevent passengers making jour- 
neys for which their tickets are not valid. Whereas on 
a railway, or underground, network a passenger can be 
obliged to remain on railway property until journey's 
end, a bus passenger cannot be so restricted. Accor- 
dingly, whereas it is possible, and may be adequate, on 
a railway network simply to check a ticket at the begin- 
ning and end of a journey, a bus ticket should be 
checked on each vehicle travelled on. As a conseq[uence, 
the amount of ticket checking required on a bus network 
is very much greater than is needed on a railway, or 
underground, network. Quite apart from the time which 
would be taken, in an unautomated system, if an inspec- 
tor (who would often also be the driver of the bus) had 
to look at all incoming tickets to check them, the 
complexity of the information which the tickets would 
bear, if through-ticketing were to be applied at all 
generally on a transport system of any size, would make 
the task of checking for validity most daunting. A 
further problem, which arises at present with unauto- 
mated through-ticketing of the season ticket kind, is 
that of loss of management information; once a season 
ticket has been issued no record can be kept of its use, 
and it has been necessary to employ survey teams to 
collect data on a statistical basis. 

Clearly, if through-ticketing is to be applied 
generally to a transport system, and especially if buses 
are involved, automatic ticket checking is desirable if 
not essential. Until now it has been believed that the 
wide variety of ticket kinds (single, return, season 
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etc,)/ the enormous complexity of fare structures and 
possible journey variations, and the difficulty of 
operating sensitive automatic checking equipment in the 
arduous and harsh circumstances of, for example, a bus 
would make automatic ticket-checking impracticable if 
through-ticketing were to be applied to a transport 
system of any significant size. 

It is an object of the present invention to enable 
efficient through-ticketing in a passenger transport 
system, tickets held by passengers being checked auto- 
matically for validity on board a vehicle. 

In accordance with the invention, in one of its 
aspects, a passenger-carrying vehicle is characterised 
in that it is equipped with ticket-checking means cap- 
able of reading information presented to it on a ticket 
in a printed bar-code form, capable of distinguishing 
between valid and invalid tickets, and capable of indi- 
cating that an invalid ticket has been presented. 

By "bar-code" is meant, where the term is used 
herein, a code by means of which information (e.g. a 
sequence of digits) can be presented in an optically- 
machine-readable form, each of a plurality of basic 
elements which are available to constitute the infor- 
mation in code being represented by a uniquely arranged 
group of marks, or spaces between marks, the marks being 
in the general form of bars* By a "side-by-side" . bar- 
code format, where the expression is used hereinafter, 
is meant a format, which we have devised, in which the 
bars of each basic code element are arranged on a line 
extending generally unidirectional ly along the lengths 
of the bars. By an "end-to-end" bar-code format, where 
the expression is used hereinafter, is meant a format in 
which the bars of each basic code element are arranged 
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on a line extending generally unidirectional ly trans- 
versely of the lengths of the bars; in a 3cnovm end- 
to-end forroat, which has been used in various different 
applications, the bars are in parallel with one another 
and of equal length. 

We have found that by employing a bar-code form, 
for machine-readable presentation of information on a 
ticket, it becomes practicable to install automatic 
ticket-checking equipment on passenger-carrying vehicles 
(even on buses) , and to provide for a through- ticketing 
system which can accommodate the complexities of a 
passenger transport system of substantial size. 

In a preferred arrangement, the ticket-checking 
means is capable of assessing the validity of a ticket 
by reading information presented to it in a bar-code 
form on the ticket and comparing the read information 
with reference information to which it has access. 
Preferably the vehicle is equipped with data-storing 
means whereby the reference information can be stored, 
although by means of a radio data link it might be 
possible to refer to information stored elsewhere. 
Up-dating means, whereby the reference information can 
be modified as the vehicle travels, can in a bus, for 
example, comprise a fare-stage up-date key to be oper- 
ated by the driver- 

For management purposes, it is highly desirable 
that the ticket-checking means be capable of communi- 
cating read information to a data store for subsequent 
retrieval. Preferably the vehicle is equipped with 
suitable data-storing means whereby the information can 
be recorded. 
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Whilst through-tickets can be supplied entirely on 
a pre-purchase basis, that is to say prior to a pas- 
senger boarding a vehicle, at least in the case of bus 
travel it is usually the case that a facility for pur- 
chasing tickets on board the vehicle is desirable. 
Accordingly, a vehicle in accordance with, the invention 
may be equipped also with ticket-issuing means arranged 
to issue tickets bearing information presented in a 
, bar-code form readable by the ticket-checking means • It 
may be required that the ticket -issuing means is capable 
of printing on to a ticket in a bar-code form infor- 
mation which can be read by the ticket-checking means 
and which indicates travel permissible with the ticket 
is sued • Ticket stock might be pre-printed with certain 
information (e.g. serial numbers) in bar-code, in which 
case it may not be necessary for the ticket-issuing 
means to print further information in bar-code, but it 
is preferred that the ticket issuing means be arranged 
to print serial numbers (in bar-code) on to tickets upon 
issue . 

Again for management purposes, it may often be 
desirable that the ticket-issuing means be capable of 
communicating to a data store, -for subsequent retrieval, 
information born by tickets issued, and preferably the 
vehicle itself is equipped with suitable data-storing 
means whereby the information can be recorded. 

For storing information to which ticket-checking 
means refers/ and/or for recording information read by 
ticket-checking means and/or communicated by ticket- 
issuing means, any suitable data-storing means can be 
used- The ticket-issuing and ticket-checking means are 
preferably microprocessor based and the choice of data 
to be stored can be determined by software. In order to 
gain access to the stored data, the microprocessor could 
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periodically be connected up to a computer terminal, 
though it might prove more convenient to connect it to a 
portable data-logger which would record the information 
(for example on magnetic tape) for future play-back to 
the computer • 

.The ticket- is suing means preferably has access, 
usually via a control console, to fare-table information 
stored, for example, in interchangeable memory chips or 
on magnetic tape cassettes. Provision for regularly 
up-dating the fare-taJoles is, of course, usually needed, 
and equipment suitable for providing these facilities is 
already known. 

The ticket-checking means may be arranged to read 
tickets bearing information in an end-to-end bar-code 
format (as hereinbefore defined) . This could enable the 
information to be read by a single reading head in a 
single sweep. However, we have found that this format 
tends to be wasteful of space and where, as on a bus 
ticket of orthodox dimensions, there can be a shortage 
of space available for printing all the information 
needed for a through- ticketing system, a side-by-side 
format (as hereinbefore defined) may be much preferable. 

There now follows a description, to be read with ' 
reference to the accompanying drawings, of a bus equip- 
ped for through- ticketing in a passenger transport 
system. It is to be understood that the bus and the 
ticketing system have been selected for description to 
illustrate the invention by way of example only. 

In the accompanying drawings: 

Figure 1 illustrates in block diagram form the 
interrelationship between certain equipment emp- 
loyed, both on and off the bus; 
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Figures 2 and 3 show two tickets which are printed 
in alternative side-by-side bar-code formats. 

In a through- ticketing system, each ticket 10 bears 
all the information necessary to define travel perm- 
issible with the ticket and to enable the validity of 
the ticket to be checked for travel on any particular 
vehicle at any particular time within the transport 
system. The information is printed on the ticket in an 
optically-machine-readable bar-code form. The infor- 
mation carried in bar-code form comprises a serial 
number and information characteristic of the nature 
and/or purpose of the ticket, such as information rel- 
ating to the price paid for the ticket and/or the type 
of ticket (e.g. season, multi- journey , single, transfer) 
and/or the fare code (e.g. adult, child, return) and/or 
the expiry date and/or the stage of origin and/or the 
stage of destination and/or zones within which the 
ticket can be validly used. 

The bus, being one of a plurality of similarly 
equipped buses iri~ the transport system, comprises a 
microprocessor-based unit providing a control con- 
sole 12, for operation by the driver, and data-storing 
means 14 (referred to hereinafter as the memory) . The 
memory 14 can, for convenience in description, be con- 
sidered to comprise four portions 14a^ to 14d. 

«, 1* . 
Ticket-issuing means on the bus comprises a ticket 
printer 16, associated with the control console 12, 
whereby bar-coded travel information can be printed on 
to a ticket (in a form readable by a ticket reader 18, 
referred to hereinafter) under instructions from the 
console. Each ticket may be taken from ticket stock 
bearing pre-printed serial numbers (which are also 
printed in bar-code) , though for practical reasons it is 
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preferred that the serial number be printed on by the 
ticket printer* 

The ticket-issuing means has access to fare-table 
data stored in the memory 14a. Furthermore, the 
ticket-issuing means is arranged to communicate infor- 
mation born by and associated with each ticket issued 
{whether or not all of that information is printed on 
the ticket) to the memory 14c^, whereby the information 
can be recorded for subsequent retrieval for management 
ourooses. The printer is equipped to read bar-coded 
information, in order that the ticket serial number, and 
any other pre-printed information in bar-code, can be 
recorded , 

For legal purposes, and for the convenience of 
passengers, the ticket printer 16 is arranged to print 
certain basic information on to each ticket also in an 
ordinary (non-coded) readable form. 

The bus is equipped with ticket- checking means 
comprising a ticket reader 18 to which ticket-holding 
passengers can present their tickets on boarding the 
bus. The ticket reader is capable of optically reading 
information presented to it on a ticket in a printed 
bar-code form, and the checking means is capable of^ 
distinguishing between valid and invalid tickets, and 
capable of indicating that an invalid ticket has been 
presented. The' ticket reader 18 is associated with the 
memory in order that it can compare information read 
from the ticket with reference information stored in the 
memory 14^. Upon so detecting an invalid ticket, for 
travel on that bus at that time, the ticket would be 
rejected and indicating means 20, comprising a buzzer to 
alert the driver, would be activated. 
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The ticket reader 18 is arranged to communicate 
information read from each ticket to the memory 14d, 
whereby the information can be recorded for subsequent 
retrieval for management purposes. 

In order to provide an additional element of pas- 
senger information and to reduce the incidence of over- 
riding, one or more large illuminated stage/ zone indi- 
cators 2 2 are provided in the bus. The information so 
displayed corresponds with 'alighting stage' and 'valid 
zones' information printed on the tickets (where appro- 
priate) • The indicators are arranged to be up-dated 
during travel by a fare-stage up-dating key of the 
control console 12, operated by the driver. Operation 
of the up-dating key serves also to up-date reference 
information in the memory 14 on which the ticket-issuing 
means and the ticket-checking means rely. 

The bus is equipped also with portable ticket- 
inspecting means comprising an inspection handset 24 
which is adapted to be carried within the bus and ena- 
bles an inspector to check tickets for validity. The 
handset is adapted to read information presented to it 
on a ticket in bar-code, and is capable of displaying 
information read from the ticket in a form which can be 
read by the inspector. The handset is battery-powered 
and comprises optical bar-code reading means, a micro- 
processor with programmable memories, a keypad and an 
* Illuminated display. The memory of the handset can be 
programmed with sufficient travel information to enable 
it to check the validity of tickets presented. 

Tickets for use in the transport system-, especially 
such tickets as season tickets, can be pre-purchased 
from ticket dispensers 26 at convenient sites {e.g. 
railway stations, post offices, and bus depots) . 
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As used in other applications, a conventional 
single bar-code digit comprises at least five, parallel, 
thick/ thin bars, spaced . at uneven intervals. In order 
to provide a continuous stream of information, there- 
fore, these digits are placed in an end-to-end format. 
In a through-ticketing situation, where as many as 128 
digits may be required, we believe that each ticket 
would need to be in the region of 120-140 mm long. 

In order to utilise the width of the ticket more 
efficiently, and thereby restrict the length to an 
acceptable size, the side-by-side bar-code format (as 
hereinbefore defined) is used. 

The bar-code, in side-by-side format, . may be based 
on the principle of hexadecimal binary notation, whereby 
each line comprises room for four 'bits' of information 
printed in the form, of bars. This allows for the fol- 
lowing number of digits to be encoded: 

one lin^/digit - 15 digits 

two lines /digit - ^ 15 ^ digits 

three lines/digit - 15^ digits 

assuming that a clear line (i.e., no printed bars) would 
not constitute a digit. * . ' 

In an effort to reduce errors which may be intro- 
duced by misreading of the bar code due to faint prin- 
ting, smudging, defacing, creasing etc, some form of 
inherent checking should be incorporated into the code 
format. 
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The bar-code information on a ticket can, in order 
to carry sufficient information; consist of 32 four-bit 
lines, giving a 4 x 32 matrix. Adding another column of 
bits to the ticket (making a 5 x 32 matrix) allows a 
parity check to be made on the original four-bit lines. 
The scheme works on the principle of a bar being added 
in the fifth column only if there is an even number of 
informational bars in that line. Such a ticket is shown 
in Figure 2 . 

Should a single bar in any line be misread i,e,, 
either an excessively faint bar, or a mark read as a 
bar, then this error will be detected by the parity bit 
check (even if it is the parity bit itself which is 
misread) • 

However, a preferred bar-code • in side-by-side 
format is based on the three-out-of-f ive principle, even 
though this does not make such good use of space as the 
hexadecimal principle • In application of this prin- 
ciple, each line comprises room for five 'bits' of 
information printed in the form of bars. Since three 
bars are always printed in any one line this allows for 
the following number of digits to be encoded: 

one line/digit - 10 digits 

two lines/digit - 10* digits 

three lines/digit - 10^ digits. 

An advantage of employing the three-out-of-f ive 
principle is that it gives automatic parity checking 
(since there must always be three bars, and no more, in 
a line) . Such a ticket is shown in Figure 3_. 



01/31/2002 



09:23:33 Seite 



-12- 



0063026 



12 

For use on travel tickets which are to be read and, 
sometimes, printed on board a bus, the side-by-side 
format, and coding on either the three-out-of-f ive or 
hexadecimal principle, can give substantial advantages. 
Quite apart from' the fact that, as already indicated, 
such an arrangement allows more eff-ective use of ticket 
area, the use of only one kind of bar (rather than both 
thick and thin bars, as is conventional in end-to-end 
formats makes printing quality much less critical; 
instead of having to distinguish between thick and thin 
bars, a reading head has solely to be able to distin- 
guish between , the presence and the absence of a bar. 
Where both printing and reading equipment have to be 
operated fast, to print and read tickets on a moving 
vehicle, a certain ruggedness in the system is practi- 
cally essential, and the proposed formats contribute 
significantly towards the achievement of that end. . 

In order to read tickets bearing information in 
bar-code in the side-by-side formats just described, the 
ticket reader 18 comprises five reading heads which are 
each arranged to scan one of the five columns of bits as 
the ticket is passed through the reader. The signals 
from the five reading heads are assessed, line by line, 
by the ticket-checking means in order to read the coded 
information on the ticket. 

As the bus is equipped with its own bar-code prin- 
ter 16, waybills can be printed in bar-code form, in 
addition to a conventionally printed summary. Rela- 
tively large amounts of information can thus be printed 
in an extremely compact form for automatic machine 
reading at the garage or depot* Audit time at the end 
of the driver's duty can be greatly reduced, and an 
inherent cross-checking facility is available, should it 
be required. Additionally, machine-readable waybills 
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with a sufficiently low error rate greatly facilitate 
the entry of statistical data into central computing 
systems. 



01/31/2002 



09:23:33 Seite 



-14- 



0063026 



14 

CLAIMS 

1. A passenger-carrying vehicle characterised in that 
it is equipped with ticket-checking means (14,18) cap- 
able of reading information presented to it on a tic- 
ket (10) in a printed bar-code form, capable of dis- 
tinguishing between valid and invalid tickets, and cap- 
able of indicating that an invalid ticket has been 
presented, 

2. A vehicle according to claim 1 characterised in 
that said ticket-checking means is capable of assessing 
the validity of a ticket by reading information pre- 
sented to it in a bar-code form on the ticket and com- 
paring the read information with reference information 
to which it has access, 

3. A vehicle according to claim 2 characterised in 
that it is equipped with data-storing means {14b) 
whereby said reference information can be stored, 

4. A vehicle according to any one of claims 1 to 3 
characterised in that said ticket-checking means is 
capable of communicating read information to a data 
store, 

5. A vehicle according to claim 4 characterised in 
that it is equipped with data-storing means (14d^) 
whereby information read from tickets by said ticket- 
checking means can be recorded for subsequent retrieval. 

6. A vehicle according to any one of claims 1 to 5 
characterised in that it is ecjuipped also with ticket- 
issuing means (12,14,16) arranged to issue tickets 
bearing information presented in a bar-code form read- 
able by said ticket-checking means. 
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7* A vehicle according to claim 6 characterised in 
that said ticket-issuing means is capable of printing on 
to a ticket in a bar-code form information which can be 
read by said ticket-checking means and which indicates 
travel permissible with the ticket issued. 

8. A vehicle according to either of claims 6 and 7 
characterised in that said ticket- issuing means is 
capable of communicating to a data store information 
born by tickets issued* 

9. A vehicle according to claim 8 characterised in 
that it is equipped with data-storing means (14c) where- 
by information communicated by said ticket-issuing means 
can be recorded for subsequent retrieval . 

10. A vehicle according to claim 1 characterised in 
that said ticket-checking means is arranged to read 
information presented in a side-by-side bar-code format 
(as hereinbefore defined) . 

11. A vehicle according to claim 10 characterised in 
that said ticket-checking means is arranged to read 
information presented in a bar-code based on a three-, 
out-of-f ive principle. 

12. A vehicle according to any one of claims 1 to 11 
characterised in that it is in combination with portable 
ticket-inspecting means (24) to be carried within the 
vehicle by an operator, said ticket-inspecting means 
being capable of reading information presented to it in 
a bar-code form on a ticket. 

13. A vehicle according to claim 12 characterised in 
that said portable ticket-inspecting means is capable of 
displaying information read from the ticket in a form 
which can be read by the operator. 
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FIG. 3 
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